The influence of multiple vibrational modes on current fluctuations in electron transport through single-molecule junctions is investigated. Our analysis is based on a generic model of a molecular junction, which comprises a single electronic state on the molecular bridge coupled to multiple vibrational modes and fermionic leads, and employs a master equation approach. The results reveal that in molecular junctions with multiple vibrational modes already weak to moderate electronic-vibrational coupling may result in high noise levels, especially at the onset of resonant transport, in accordance with experimental findings of Secker et al.. 1 The underlying mechanisms are analyzed in some detail.
I. INTRODUCTION
Any measurement is accompanied by temporal fluctuations of the recorded signal. These fluctuations may be a valuable source of information far beyond the time averaged value of the signal. [2] [3] [4] [5] [6] For example, measurements of current noise allowed to determine the value of the elementary charge 7, 8 and the charge of a Cooper pair 9 as well as to verify the existence of other quasiparticles, such as, for example, in quantum Hall systems. [10] [11] [12] Noise measurements in nanostructures facilitated the determination of the number and transparency of transmission channels e.g. in atomic-sized metal contacts, [13] [14] [15] [16] mesoscopic diffusive wires [17] [18] [19] [20] [21] [22] as well as single-molecule junctions, i.e. systems where single moelcules are chemically bound to metal or semiconductor electrodes. [23] [24] [25] Single molecule junctions, which have been experimentally realized by various techniques, [26] [27] [28] [29] [30] [31] [32] [33] will be the focus of this paper.
A particularly interesting aspect of charge transport in molecular junctions is the crucial importance of electron-vibrational coupling. Due to their small size and mass, the transport characteristics of single molecule junctions are usually characterized by an intricate interplay between electronic and vibrational degrees of freedom. 1, Vibrational signatures have also been reported in noise measurements in molecular junctions. 25, [57] [58] [59] [60] Morevover, it has been shown that molecular junctions may exhibit very large noise levels, 1,61 which exceed the Poissonian limit (corresponding to statistically uncorrelated tunneling events) by several orders of magnitude. Theoretical studies have shown that such high noise levels in molecular junctions can be caused by electronic-vibrational coupling. [62] [63] [64] [65] [66] However, it has also been shown, that electronic-vibrational coupling may results in the opposite effect, i.e. an anomalous suppression of the current noise below the Poissonian limit due to the interplay of vibrational degrees of freedom and relaxation. 67, 68 In this paper, we investigate current fluctuations in vibrationally coupled electron transport through single-molecule junctions and adress the physical origin of the large noise levels reported by Secker et al.. 1 Extending previous work, [62] [63] [64] [65] [66] which was limited to a single vibrational mode, we specifically investigate the effect of multiple vibrational modes. Our studies are inspired by the work of Koch et al., 62, 63 which predicted the occurence of high noise levels in model molecular junctions where a single electronic level is strongly coupled to a single vibrational mode. The electronic-vibrational coupling strength required to obtain these high noise levels was, however, very large. Furthermore, molecular junctions typi-cally involve a multitude of vibrational modes. We, therefore, explore the possibility that electronic-vibrational coupling to multiple vibrational modes can result in high noise levels even for small to moderate electron-vibrational coupling.
In our study, we employ a master equation approach developed by Flindt et al. 69, 70 This approach is based on the MacDonald formula, 71 which relates the noise power to the moments of the distribution of the transferred charge, the so-called full counting statistics (FCS) [72] [73] [74] [75] [76] [77] [78] [79] [80] [81] [82] [83] [84] [85] of electron transport through a nanoscale electronic device. Thereby, the electronic-vibrational coupling is treated non-perturbatively, whereas a second-order expansion in the moleculelead coupling is applied, thus limiting the study to resonant transport processes. It is noted that a variety of other theoretical approaches exist to investigate current fluctuations of a nanoelectronic conductor. This includes other master equation approaches, 67, 86, 87 scattering theory 3, 88 and nonequilibrium Green's function theory.
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The paper is organized as follows. In Sec. II A, we introduce the model Hamiltonian 
II. THEORETICAL METHODOLOGY A. Model Hamiltonian
In order to investigate vibrationally coupled electron transport in molecular junctions,
we employ the following model Hamiltonian for a molecular junction: 
Thereby, we have partitioned the Hamiltonian into three parts: The system partH S comprises the electronic state at the molecular bridge with the polaron shifted energȳ
Ωα and the M vibrational modes. The termH B refers to the degrees of freedom of the leads. The coupling between the leads and the molecule is described byH SB , which is renormalized by the overall shift operator X = α X α with X α = exp{(λ 2 α /Ω α )(a α − a † α )}. The interaction between the molecule and the left and the right leads, respectively, is characterized by the level width functions Γ L/R (E) = 2π k∈L/R |V k | 2 δ(E − ǫ k ). For the remainder of the paper, the wide-band approximation is applied, which implies constant level width functions Γ L/R . Assuming, furthermore, that the molecule is coupled symmetrically to the leads, a value of Γ L/R = 0.2 meV is used. As most experiments on single-molecule junctions are performed at low temperatures, the temperature of the leads is set to 10 K. Consequently, k B T ≫ Γ ≡ Γ L + Γ R always holds, which is a prerequisite for the validity of the second-order master equation approach, which is introduced in the following section. This also means that the temperature induced broadening exceeds the energy level broadening due to the coupling to the leads (described by Γ) at the onset of the resonant transport regime. Additionally, we assume a symmetric drop of the bias voltage at the contacts.
B. Master Equation Formalism
Based on the model introduced above, we use a master equation (ME) approach to study transport processes. Within this approach, the observables of interest, especially the average current and the zero-frequency noise, 69, 70, 86, 87 are evaluated using the reduced density matrix ρ, which is obtained by taking the trace of the total density matrix of the overall system over the electronic degrees of freedom of the leads. 
withH
Here, ρ B denotes the equilibrium density matrix of the leads, given by
where N L/R = k∈L/R c † k c k represents the occupation number operator of the left and the right lead, respectively. Furthermore, we have defined the Liouvillian L. Eq. (4) can be derived based on the well-known Nakajima-Zwanzig equation, 106,107 employing a secondorder expansion in the couplingH SB along with the so-called Markov approximation. Due to expansion to second order in the molecule-lead coupling, the ME (4) only comprises resonant transport processes whereas it misses higher order processes like cotunneling which especially dominate in the nonresonant transport regime. In this paper, we focus on the steady state, ρ st ≡ ρ(t → ∞), which is reached at long times and is obtained by solving Eq.
(4) with the left hand side set to zero, ∂ρ(t → ∞)/∂t = 0. Details on the explicit evaluation of the ME in the product basis of the electronic and vibrational degrees of freedom can be found in Ref. 46 .
In the following, we neglect vibrational coherences, i.e. the vibrational off-diagonal elements of the density matrix. This is justified as long as the level width function Γ = Γ L + Γ R is the smallest energy scale of the system and thus the relation Γ ≪ Ω α holds. In the present case, this is no additional restriction as it is already a requirement for the validity of the second-order ME. 105 We will also consider the coupling to a multitude of vibrational modes.
In this case, we have chosen the frequencies of the involved modes in such a way that the low integer multiples of different frequencies do not coincide. In that way, we avoid the quasi-degeneracy of excited levels so that the relation Γ ≪ |nΩ α − mΩ α ′ | holds for small integers m and n (α = α ′ ). As a consequence, coherences are negligible in these systems, as was shown by Härtle et al..
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C. Full Counting Statistics and Observables of Interest
In the long time limit, the full information about electron transport is encoded in the distribution of electrons which have tunneled across the molecular bridge, the so-called full counting statistics (FCS). To obtain this distribution, P R (t, n), we "count" the number n of electrons which are collected in the right lead during the time span [0, t]. In line with the FCS the MEρ(t) = Lρ(t) can be resolved with respect to this number n of electrons (nresolved ME). To this end, the Liouvillian can be decomposed into three parts as described in Refs. 80,108
where the particle current superoperators I ± R refer to physical processes in which one electron is created (+) or annihilated (-) in the right lead and L 0 corresponds to the part in which the number of electrons is not changed. Consequently, the n-resolved ME can be written aṡ
where the n-resolved density matrix ρ n fulfills the sum rule n ρ n (t) = ρ(t). Applying the trace over the system degrees of freedom in Eq. (8) , an EOM for the probability distribution
where the relation Tr S {Lρ n (t)} = 0 has been used.
70,81
Within this FCS-approach the average total current I across the molecular bridge, which is independent of time in the stationary state, is given by
where I L and I R are the average particle currents across the left and the right junction, respectively. Thereby, Q R (t) denotes the mean amount of charge collected in the right lead within the time span [0, t] and is thus identical with the first moment (α = 1) of the
In order to evaluate Eq. (10), we substitute the EOM for the probability distribution P R (t, n)
from Eq. (9) together with ρ st = n ρ n (t) and thus obtain
In the stationary limit the noise power spectral density S I (ω) of the total current I is given by the Fourier transform of the symmetrized current autocorrelation function according to the Wiener-Khintchine theorem
109-111
Thereby, ∆I(t) = I(t) − I denotes the time-dependent current fluctuation operator (zeromean current) in the Heisenberg picture.
As the zero-frequency power spectral density refers to the long time limit t → ∞ (cf.
Eq. (14)), the particle currents are conserved and equal to the total current 
Following the derivation of Flindt et al., 69, 70 the power spectral density of the zero-frequency noise can be expressed as
where
denotes the pseudoinverse of L. As the orthogonal projection operator P is defined as 69,70 To analyze the noise properties, it is useful to introduce the Fano factor F , which is given as the ratio between the actual zero-frequency noise S I (ω = 0) and the "white" noise of a
Poisson process S
III. RESULTS
In this section we use the methodology introduced in Sec. II to investigate the transport properties of single-molecule junctions. Thereby, we mainly focus on the zero-frequency noise expressed by the corresponding Fano factor and the current-voltage characteristics.
As single-molecule junctions typically comprise a multitude of vibrational modes, we focus on the investigation of effects which result from the coupling to multiple vibrational modes ("multimode effects"). This is the topic of Sec. III C. In order to introduce the basic concepts, we first discuss purely electronic transport (i.e. For bias voltages Φ < 2ǭ 0 the current is almost zero because the electronic level is outside the bias window, which is given by the chemical potentials µ L/R = ±Φ/2. This is the nonresonant transport regime because resonant transport processes can only occur due to the thermal broadening of the Fermi distribution in the left lead and are thus very rare.
Higher-order nonresonant transport processes such as cotunneling, which may dominate transport in this regime for lower temperatures, are not included in our second order ME approach. At Φ = 2ǭ 0 the electronic level enters the bias window so that the current increases in one step to a constant value. This indicates the onset of the resonant transport regime
Additional information about the transport mechanisms in these two regimes can be obtained from the Fano factor-voltage characteristics, which is shown in Fig. 1b . At bias voltage Φ = 0 the Fano factor-voltage characteristics shows a singularity corresponding to the finite thermal Nyquist-Johnson noise 3,5 which is due to the thermal fluctuations of the occupation number in the left and the right lead, whereas for higher bias voltages the nonequilibrium or shot noise contribution dominates. In the nonresonant transport regime, the Fano factor assumes a constant value of unity, which indicates that electron transport obeys Poissonian statistics and is thus statistically uncorrelated. electron transport is anti-correlated due to the Pauli exclusion principle.
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B. Electronic-Vibrational Coupling to a Single Mode
In the following we extend our model system and consider coupling of the electronic state to a single vibrational mode with frequency Ω = 0.1 eV. The regime of moderate electronicvibrational coupling (λ/Ω ≤ 1) has been discussed elsewhere. 46, 84, 95 In order to analyze the regime of avalanche-like transport, we focus on the strong dimensionless coupling λ/Ω = 4.
To this end, Fano factor-voltage characteristics are analyzed in Sec. III B 1 for the resonant transport regime. Thereby, we review the results obtained by Koch et al. 62, 63, 112, 113 and analyze the structure of avalanche-like transport from a somewhat different perspective.
This is followed by an extension of this interpretation to the nonresonant transport regime in Sec. III B 2.
To facilitate the subsequent discussion, we first consider the current-voltage characteristics for the extended model depicted by the blue solid line in suppressed by the FC-blockade and thus very rare, is followed by a long waiting time until the next trigger process starts the whole procedure again.
These avalanches have already been analyzed in detail by Koch et al.. 62, 63, 112, 114 Assuming that the avalanches start and terminate in the vibrational ground state of the molecular bridge, they showed that the avalanches have a self-similar hierarchical structure. Based on the assumption that the typical duration of such an avalanche is much shorter than the waiting times in between, the Fano factor in the long-time limit can be expressed by 62, 114 On the other hand, in the resonant transport regime the probability of the trigger process also increases with the bias voltage, so that the waiting times between the avalanches are shortened. According to our previous explanations, the absolute duration of the waiting times does not influence the Fano factor. However, this statement only holds as long as the waiting times t 0 between the avalanches are much longer than the duration of the avalanches itself.
In the high bias limit (Φ > 24Ω), the Fano factor assumes sub-Poissonian values, which correspond to anti-correlated transport due to the Pauli blockade as in the purely electronic case. This indicates that the system is no longer subject to FC-blockade as the blockade regime can be left within a single transition from the vibrational ground state.
Avalanche-Like Transport in the Nonresonant Regime
In the following, we analyze the Fano factor-voltage characteristics in the nonresonant transport regime. In this regime, which is the main focus of the remainder of this work, the Fano factor is exclusively determined by the average number N 0 of electrons within an avalanche, i.e. Eq. (18) reduces to
This is due to the fact that both chemical potentials are below the energy of the electronic level in the nonresonant transport regime, so that the probabilities for a trigger process However, the zero-frequency noise can only probe the long-time limit, so that information on short timescales and thus on the inner fine structure of the avalanches is lost.
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Therefore, in terms of the zero-frequency noise it is sensible to assume that an avalanche is only terminated in the vibrational ground state of the unoccupied molecular bridge. As a result, the normalized variance of waiting times in Eq. (18) is equal to unity. Fig. 4c ). This cycle of excitation and absorption continues until the molecular bridge returns to its vibrational ground state in a transition across the right junction, which is suppressed very strongly by the FC-blockade:
We call these avalanches "simple" as there is no net excitation of the molecular bridge in a sequential tunneling cycle, i.e. the molecule is always in the vibrational ground state when one electron has tunneled from the left lead onto the molecule. As a result, forǭ 0 = 0.1 eV the avalanches only involve the vibrational ground |0 and first excited state |1 . This is confirmed by the black dashed line in Fig. 1b , which corresponds to a calculation where the vibrational basis is restricted to the two lowest states |0 and |1 , and which in the voltage range Φ < 2Ω coincides with the solid blue line obtained for a converged number of 100 vibrational basis states.
In order to generalize the concept of "simple" avalanches, we consider in I. 
Dependence of the Fano Factor on Bias Voltage
Dependence of the Fano Factor on Coupling
In order to analyze the Fano factor-voltage characteristics at the onset of the resonant transport regime (Φ ∈ (1.6ǭ 0 , 2ǭ 0 )) in more detail, we consider the Fano factor as a function Fano Factor This behavior changes for larger couplings. Fig. 7 shows that for dimensionless shifts ∆Q 2.5 the Fano factor for three modes(red line) as well as in case of the two modes Ω 1 and Ω 3 (cyan line) increase much stronger with the coupling than for the other two-and one-mode systems. The analysis shows that this is due to multimode processes, i.e. tunneling processes where the vibrational excitation of more than a single mode is changed. These processes become active in the regime of FC-blockade (∆Q 2), where with increasing ∆Q the vibrational ground to ground state transition 0 → 0 becomes more suppressed and processes comprising more and more vibrational quanta become favorable. Fig. 8 illustrates the crucial multimode process for both cases: After the trigger process (cf. Fig. 8a ), the molecular bridge can be exited by one vibrational quantum of the high frequency mode (Ω > ≡ Ω 3 = 115 meV) (cf. Fig. 8b ). In a next step, this quantum can be absorbed by a tunneling electron while one quantum of the low-frequency mode (Ω < ≡ Ω 1 = 85 meV) is generated simultaneously in a tunneling event across the left junction (cf. Fig. 8c ). This is possible, because the difference between the left chemical potential and the electronic level is 20 meV and thus smaller than the difference between the highest and the lowest frequency. The thus generated quantum of the low-frequency mode can now be absorbed in a subsequent tunneling event across the right junction and consequently two quanta of the medium frequency mode can be emitted (cf. Fig. 8d ). This multimode process facilitates a net vibrational excitation per tunneling At first sight, it seems to be astonishing that the cyan curve in Fig. 7 , corresponding to two modes, exceeds the three mode curve for shifts ∆Q > 3. However, because only vibrational modes with frequencies Ω 1 and Ω 3 are involved in the crucial multimode processes leading to a net vibrational excitation (cf. Fig. 8 ), the presence of the vibrational mode Ω 2 only reduces the probability for the net excitation. Indeed, if the vibrational mode with frequency Ω 2 is replaced by a mode with a slightly higher frequency Ω ′ 2 = 110 meV in the three mode case, the Fano factor-voltage characteristics obtained for this frequency combination exceeds the cyan curve (data not shown). This can be attributed to fact that the frequency pairs Ω 3
and Ω 1 as well as Ω ′ 2 and Ω 1 fulfill the relation Ω 3 − Ω 1 , Ω ′ 2 − Ω 1 >ǭ 0 − Φ/2 so that the crucial multimode process described above can be facilitated by both frequency pairs.
It is also interesting to note that those two-mode curves in Fig. 7 , which represent the frequency pairs Ω 1 and Ω 2 as well as Ω 2 and Ω 3 , do not deviate from the one-mode curve until the shift ∆Q has reached a value of 4. In principle, multimode processes cannot occur in this energy-voltage regime as the energy difference between the two involved modes is smaller by 5 meV than the energy gap between the left chemical potential and the electronic level. However, based on the fact that for this high value of ∆Q the vibrational ground to ground state transition is strongly suppressed, the same multimode process described above for the three-mode case is facilitated by the thermal broadening of the Fermi distribution.
Thereby, an electron in the left lead with an energy of 65 meV absorbs one quantum of the high frequency mode and simultaneously emits one quantum of the low frequency mode. This hypothesis is confirmed by the fact that the onset of these multimode processes is shifted to larger ∆Q for smaller temperatures, i.e. it explicitly depends on the value of the Fermi distribution in the left lead at an energy of 65 meV (data not shown).
It is also seen that the two-mode curve (blue line) representing the pair of lower frequencies increases more strongly than the green curve corresponding to the pair of higher frequencies.
Due to the lower frequencies involved, absorption and emission processes can comprise more vibrational quanta. This favors the diversity of these avalanches and thus leads to a higher mean number of electrons within such an avalanche.
Another important observation is that the slope of the Fano factor-voltage characteristics for one vibrational degree of freedom (represented by the solid brown line in Fig. 7) gradually decreases with increasing dimensionless shift ∆Q. In contrast, the slope of the two-and three-mode curves increases with ∆Q after multimode effects have become active. This different behavior is due to the fact that avalanches only comprise the alternating emission and absorption of one vibrational quantum in the one-mode case. The only effect that occurs with increasing shift is that the ratio between the probability for these two processes, |X 01 | 2 , and the breakdown process |X 00 | 2 increases quadratically in the shift, i.e. that Fano Factor Only for very large coupling strengths, ∆Q 4.5, which are rarely found in molecules, the curves corresponding to a different number of vibrational modes and combination of frequencies start to deviate from each other indicating that multimode processes become important.
c. Electronic State Located Remote from Fermi Level. In order to interpret the behavior of the Fano factor in the nonresonant regime for the case that the electronic state is located remote from the Fermi level, we consider model 3 (cf. Tab. I) and analyse its dependence on the dimensionless shift ∆Q at the bias voltage Φ = 0.9 V (marked by the left dashed horizontal line in Fig. 6 ).
Because the electronic state in model 3 is located remote from the Fermi level, many more excitation and deexcitation processes can occur than for model 1 or 2, respectively. Fig. 10 shows the corresponding curves for the electronic-vibrational coupling to 1-3 modes. For Fano Factor In the following, we analyze the Fano factor voltage characteristics in the most interesting regime ∆Q ∈ (2, 3.5) in more detail. To this end, Fig. 11 shows the Fano factor as function of the energy of the electronic levelǭ 0 for one, two and three vibrational modes at ∆Q = 3. 
Dependence of the Fano Factor on the Relative Electronic-Vibrational Coupling Strength of Two Modes
The role of multimode vibrational effects can also be investigated by varying the relative electronic-vibrational coupling strength, but keeping the overall shift ∆Q. For a two-mode model, this means to vary the ratio (λ 1 /Ω 1 )/(λ 2 /Ω 2 ). To this end, we choose the pair of modes with the frequencies Ω 1 = 85 meV and Ω 2 = 100 meV and consider the parameters of model 3 discussed above. Fig. 12 shows the corresponding Fano for three different constant dimensionless shifts. In all cases, the Fano factor assumes in the limits (λ 1 /Ω 1 )/(λ 2 /Ω 2 ) → 0 and (λ 1 /Ω 1 )/(λ 2 /Ω 2 ) → ∞ its one-mode value corresponding to mode 2 or 1, respectively, because only one of the modes is effectively coupled to the electronic state. It is striking that these limits are only reached for very asymmetric coupling ratios of 10 4 /10 −4 in the case of ∆Q = 5. It is also seen that the two limits differ for dimensionless shifts ∆Q ≥ 3: The low frequency mode shows the lower Fano factor because principally more excitation / absorption processes can occur than for the higher frequency mode. In the regime of FC-blockade this higher number of processes or the higher net excitation per tunneling cycle, respectively, lead to an earlier termination of the avalanches because highly excited "terminator" states (v 13) can be reached more easily, as explained in Sec. III B 2.
Analyzing the curves in more detail, it is noticeable that the Fano factor is not maximal for equal coupling to the two modes, but, e.g. for ∆Q = 3, two peaks can be found for a coupling ratio (λ 1 /Ω 1 )/(λ 2 /Ω 2 ) of 0.25 and 4. With increasing shift ∆Q the two local maxima become broader and they are shifted to more asymmetric coupling ratios. The two peaks can be attributed to the fact that asymmetric coupling to the modes extends the period the system is staying in the open-door stage of an avalanche and thus the avalanche itself: As already discussed above for symmetric coupling of two modes, multimode vibrational processes allow the more weakly coupled vibrational mode to reach highly exited states in the course of an avalanche where it is stabilized. In the case of asymmetric coupling this stabilization is even more pronounced because the level of vibrational excitation is comparable with the symmetric case (confirmed by MC-simulations) whereas the dimensionless coupling of the more weakly coupled mode is significantly smaller. Consequently, the probability for direct transitions into the vibrational ground state from these highly excited states is considerably reduced.
The decrease of the Fano factor for small or large values of the coupling ratio, e.g. In addition, we find for ∆Q ≥ 3 that the overall level of the Fano factor, the maximum included, is higher for coupling ratios which are smaller than unity. This can be attributed to the fact that it is more efficient to stabilize the low-frequency mode in highly excited states as more vibrational processes can occur for this mode and thus even more-highly excited states can be reached than for the high-frequency mode. This corresponds to the fact that the Fano factor is higher in the limit (λ 1 /Ω 1 )/(λ 2 /Ω 2 ) → 0 when only the high-frequency mode is coupled.
D. Additional Remarks
We close this section with a few remarks. Our results show that, in certain parameter ranges, the shot noise level increases significantly with the number of involved vibrational modes. Although our study is, due to computational limitations, restricted to three vibrational modes, the results suggest that this trend continues for an even larger number of vibrational modes as they are typically found in realistic single-molecule junctions. In this context, it is important to note that the scenario we discuss here involves a discrete set of vibrational modes, which are all similarily and moderately coupled. This situation is completely different from the typical reaction mode szenario, where the coupling to multiple vibrational modes can be expressed by a continous, smooth spectral density and can be translated into a damped reaction mode. In this case, Koch et al. 63, 114 and Haupt et al. 67 have shown that moderate to strong damping can reduce the shot noise significantly if the phonon bath is thermalized with the electronic leads. However, even in this case, large shot noise levels can be obtained if the temperature of the phonon bath is significantly higher than the temperature of the leads.
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Next, we comment on the range of validity of our results. In this work, we have discussed avalanche-like transport in the nonresonant as well as in the resonant transport regime.
Because the ME approach used neglects higher order effects like cotunneling, we cannot III C, where we analyze the coupling to multiple vibrational modes. In this voltage range, the small molecule-lead coupling chosen, which fulfills the requirement Γ ≪ k B T , ensures the formal validity of the master equation. The study of higher order effects on noise properties in molecular junctions, such as, e.g., due to ineleastic cotunneling or cotunnelingassisted sequential tunneling processes, has so far been restricted to single mode cases.
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The extension of these more advanced theories to realistic multimode models represents an interesting but also challenging topic for future research.
IV. CONCLUSIONS
In this paper, we have investigated current fluctuations in vibrationally coupled electron transport through a single-molecule junctions. but is restricted to the vibrational ground and first excited state ("simple" avalanches).
The major focus of our study was to elucidate the effect of multiple vibrational modes on the noise characteristic of a molecular junction. Our results reveal that the increased complexity of multimode systems gives rise to novel mechanisms. In particular, we found In order to determine the first moment Q R (t) of the distribution P R (t, n), we define a moment-generating function 
